Aversive events are typically more debilitating when they occur unpredictably than predictably. Studies in humans and animals indicate that predictable and unpredictable aversive events can induce phasic and sustained fear, respectively. Research in rodents suggests that anatomically related but distinct neural circuits may mediate phasic and sustained fear. We explored this issue in humans by examining threat predictability in three virtual reality contexts, one in which electric shocks were predictably signaled by a cue, a second in which shocks occurred unpredictably but never paired with a cue, and a third in which no shocks were delivered. Evidence of threat-induced phasic and sustained fear was presented using fear ratings and skin conductance. Utilizing recent advances in functional magnetic resonance imaging (fMRI), we were able to conduct whole-brain fMRI at relatively high spatial resolution and still have enough sensitivity to detect transient and sustained signal changes in the basal forebrain. We found that both predictable and unpredictable threat evoked transient activity in the dorsal amygdala, but that only unpredictable threat produced sustained activity in a forebrain region corresponding to the bed nucleus of the stria terminalis complex. Consistent with animal models hypothesizing a role for the cortex in generating sustained fear, sustained signal increases to unpredictable threat were also found in anterior insula and a frontoparietal cortical network associated with hypervigilance. In addition, unpredictable threat led to transient activity in the ventral amygdala-hippocampal area and pregenual anterior cingulate cortex, as well as transient activation and subsequent deactivation of subgenual anterior cingulate cortex, limbic structures that have been implicated in the regulation of emotional behavior and stress responses. In line with basic findings in rodents, these results provide evidence that phasic and sustained fear in humans may manifest similar signs of distress, but appear to be associated with different patterns of neural activity in the human basal forebrain.
Introduction
In humans and animals, unpredictable aversive events produce debilitating behavioral, cognitive, and somatic effects similar to those found in anxiety and mood disorders (Grillon et al., 2004; Mineka and Kihlstrom, 1978) . These effects are usually not found when the same aversive events or threats are predictable (Grillon et al., 2004; Mineka and Hendersen, 1985) , suggesting that unpredictable threats are generally more harmful. Studies in humans and rats indicate that predictable threats typically induce phasic fear, a short-lasting apprehension concerning imminent threat, and that unpredictable threats generally induce sustained fear, a longer-lasting apprehension elicited by potential or temporally uncertain threat (Davis et al., 2010b) . Rodent data suggest that highly related but partially distinct functional neuroanatomical networks may underlie phasic and sustained fear (Davis et al., 2010b) . It is currently unclear whether similar mechanisms support the expression of phasic and sustained fear in humans. The present study investigated this issue using a threat predictability procedure adapted for high-resolution fMRI and virtual reality presentation.
Predictable and unpredictable threats induce similar signs of fear but elicit distinct behavioral and neural responses. In humans and animals, a brief, discrete cue that predictably signals an imminent threat evokes a rapid apprehensive state (phasic fear) that diminishes quickly once the threat is terminated, and triggers active defensive responses such as attack, escape, and physiological reactivity (Fanselow, 1994; Grillon, 2008) . In contrast, a diffuse cue that signals a temporally unpredictable threat (e.g., a hazardous environment) elicits a longer-lasting anxiety-like state (sustained fear) associated with passive defensive behaviors such as hypervigilance, avoidance, and quiescence (Blanchard and Blanchard, 2008; Grillon, 2008) . Rodent data suggest that phasic fear responses rely on the central nucleus of the amygdala (CeA), which in humans is located in the dorsal part of the amygdala (Amunts et al., 2005) , whereas sustained fear responses are dependent on the bed nucleus of the stria terminalis (BNST), which is located in the ventromedial basal forebrain and receives input from the CeA and the more ventrally located basolateral amygdala complex (BLC) (Walker and Davis, 2008) . Together with neuronal groups alongside the stria terminalis (supracapsular BNST) and those located beneath the globus pallidus (sublenticular BNST), the CeA and BNST form a neuronal continuum known as the extended amygdala (Alheid and Heimer, 1988; Heimer et al., 1999) . Because the CeA and BNST project to the same neural mediators of fear symptoms, each of these components of the extended amygdala are capable of generating defensive responses (Davis and Whalen, 2001) .
Consistent with animal research centrally implicating the amygdala in cued fear conditioning and extinction, neuroimaging studies in humans have likewise implicated the amygdala in fear acquisition and extinction (Buchel et al., 1998; LaBar et al., 1998; Milad et al., 2007; Phelps et al., 2004) . To identify the neural mechanisms that underlie fear expression, however, it may be more advantageous to examine instructed fear in humans rather than fear conditioning (Davis et al., 2010b) . In studies of instructed fear, subjects are verbally informed beforehand of the likelihood of experiencing an aversive event when encountering a stimulus, rather than having to learn this probability through direct experience. For example, Phelps et al. (2001) instructed individuals that they were at risk of receiving an electric shock when they encountered a briefly presented cue of one color (threat cue) but not another color (safe cue). Though no shocks were ever administered, the threat cue evoked enhanced arousal and fear as indexed by skin conductance, and relative to the safe cue, produced a rapid and short-lasting activation in left dorsal amygdala. In a similar study but one using [O-15] H 2 0 positron emission tomography and the delivery of occasional shocks to enhance procedural credibility, Hasler et al. (2007) found that a visual threat cue increased cerebral blood flow in the left amygdala relative to a comparable safe cue. Studies of instructed fear that have examined neural activity underlying both anticipation of and responses to briefly presented aversive pictures have also revealed dorsal amygdala activation Nitschke et al., 2006) , provided that the aversive events are predictably signaled (Sarinopoulos et al., 2010) . These previous findings support the hypothesis that a neural circuit within the dorsal amygdala may mediate phasic fear in humans.
While many neuroimaging studies in humans have investigated the role of the amygdala in phasic fear, few have examined the specific role of the BNST in sustained fear (Straube et al., 2007) . However, Somerville et al. (2010) recently examined the role of the BNST in anxious-related vigilance. In the present study, we investigated whether the BNST was associated with a sustained state of anxiety. Based on the above pre-clinical research in animals and previous neuroimaging studies, we hypothesized that in humans a cue signaling imminent shock would elicit phasic fear responses and transient activity in the dorsal amygdala, whereas the threat of temporally unpredictable shock would produce sustained fear responses and sustained activity in the BNST. Based in part on anterograde and retrograde tract-tracing studies showing that anterior insular cortex projects heavily to the extended amygdala (McDonald et al., 1999) , animal models of sustained fear posit that cortical inputs from the insula may also underlie sustained fear, possibly mediating cognitive components of anxious apprehension (Davis et al., 2010b) . Therefore, we further hypothesized that the threat of unpredictable shock would generate sustained activity in anterior insula, an area that also has strong projections to medial prefrontal cortical regions associated with the regulation of emotions and visceral reactions (Price and Drevets, 2010) .
We tested these predictions using a well-validated instructed threat procedure (Davis et al., 2010b; Grillon et al., 2004) , and neuroimaging methods that assured good signal detection of transient cue-and context-related responses, as well as sustained contextrelated responses in the basal forebrain. Because of partial volume effects from cerebrospinal fluid (CSF) in the cerebral ventricles, it is methodologically challenging to use BOLD fMRI contrast to examine relatively small structures in the basal forebrain. Standard fMRI voxel volumes (e.g., 3.8 × 3.8 × 4.0 mm 3 ) are typically not small enough to decrease partial volume effects nor do they provide the spatial resolution required to detect fMRI signal changes from small brain regions. Imaging at a higher spatial resolution can decrease partial volume effects but can come at the cost of a reduced MRI signal-tonoise ratio (SNR) (Edelstein et al., 1986) . Therefore, to boost SNR, we employed a multi-element surface coil array and conducted parallel imaging fMRI (Bodurka et al., 2004) . This allowed us to conduct whole-brain fMRI at roughly 4 times higher spatial resolution (1.7 × 1.7 × 3.5 mm 3 ) and still have enough sensitivity to detect BOLD signal changes (Bodurka et al., 2007) . Moreover, combining parallel imaging and voxel volume reduction provides the added benefit of reducing susceptibility-related signal dropout from different tissue interfaces (Bellgowan et al., 2006) .
Materials and methods

Subjects
Eighteen healthy volunteers (10 males, mean age = 24.7 years, SD = 3.7 years) participated in the study and gave written informed consent approved by the NIMH Human Investigation Review Board. Inclusion criteria included 1) no past or current psychiatric disorders as per Structured Clinical Interview for DSM-IV; 2) no medical condition that interfered with the study objectives; and 3) no use of illicit drugs or psychoactive medications as per urine screen. All subjects in the study exhibited minimal head motion during imaging (mean = 2.1 mm, SD = 1.6). Besides the 18 subjects included in the study, 4 were excluded because of excessive shock-related head motion (n = 1), failure of the shock delivery system (n = 2), and scanner malfunction (n = 1).
Experimental procedures
Virtual reality stimuli
The software application (VR Worlds, Psychology Software Tools, Pittsburgh, PA) consisted of several virtual reality (VR) environments, three of which served as contexts in the present study (a restaurant, casino, and bank; Fig. 1B ). In addition, a static VR image of the outdoors, a backyard scene extracted from a fourth VR environment, was presented during each inter-trial interval (ITI) to signal a rest period between context presentations. Recordings of each context were made by first having the same person navigate each VR environment from a first person perspective. The recordings were then divided into different scenarios of each context. Each scenario lasted 40-s and was arranged into one of six runs as described below under Instructed threat procedure. During each scenario, subjects virtually entered the restaurant, casino, or bank at one of several locations, and continuously toured the context until transitioning to rest. Because the scenarios were pre-recorded, and passively viewed on a projector screen during scanning, subjects were unable to control navigation in any context. Since entry into each context occurred at several locations within the VR environment, it is unlikely that the onset of a context would be associated with any specific cue within a context. Rather, participants were required to form a mental representation of each context. Context onset occurred over 1 s during which the context emerged from a black background that separated the rest period from the following context presentation. This transition at context onset prevented unwanted orienting responses. Previous research in our laboratory has shown that similarly constructed VR stimuli are effective for studying context manipulations in the MRI environment (Alvarez et al., 2008) .
Presentation and timing of VR stimuli were achieved using the VR Worlds video editor and PSYLAB (Contact Precision Instruments, London, Great Britain) on Dell laptops running Windows XP (Dell Computer Corp., Round Rock, TX).
Instructed threat procedure
A novel VR paradigm was used to study predictable and unpredictable threat with fMRI (Fig. 1A) . For half the subjects, the virtual casino and bank served as predictable and unpredictable shock contexts, respectively. Context assignment was reversed for the remaining subjects so as to counterbalance across subjects which environment was associated with predictable and unpredictable shock; the virtual restaurant was always the no-shock context. In the predictable context (Pcxt), electric shocks were consistently delivered at the offset of a 3-s auditory tone (250 Hz), which served as a predictable threat cue; the tone was meaningless in the other contexts. Shocks were consistently administered in an un-signaled or semi-random manner in the unpredictable context (Ucxt), and no shocks were delivered during the no-shock context (Ncxt).
Each context was presented for 40-s with an ITI of equal duration. There were 6 runs, each followed by a brief rest. In each run, each context was presented once for a total of 6 Ncxt, 6 Pcxt, and 6 Ucxt. The order of context presentation was such that across runs each context appeared an equal number of times as the first, second, and third context presentation. During each context presentation, an auditory cue (250 Hz tone) was presented 1-3 times for a total of 13 no-shock cues (Ncue), 13 predictable cues (Pcue), and 13 unpredictable cues (Ucue). In Pcue, 7 of the 13 cues were reinforced with shock; one Pcxt presentation had two cues reinforced with shock. In Ucxt, the shock was delivered, on average, 17.8 s following the onset of the unpredictable context (range 6-28 s) for a total of 7 shocks; one Ucxt presentation was associated with two un-signaled shocks. There were an equal number of shocks in Pcxt and Ucxt but shocks were administered during the cue in Pcxt only. Therefore, the absence of cues in Pcxt may have signaled relative safety; however, unlike Ncxt, Pcxt was not a safe context in an absolute sense because Pcxt was associated with cue-related shock, much like the context in background contextual conditioning studies (Calandreau et al., 2005) . In contrast, there were no safe periods at all in Ucxt, which signaled temporally uncertain threat. Although shocks were never delivered during a cue in Ucxt, it is unlikely that unpredictable cues served as signals of safety since subjects were instructed that a shock could occur at any time during the unpredictable context.
Participants were instructed that they would hear a tone (250 Hz, 3-s duration) in three virtual environments, and that in one (Pcxt; e.g., the casino) they were at risk of receiving a shock only when they heard a tone, and that in another (Ucxt; e.g., the bank) they could receive a shock at any time, but that in the third environment (Ncxt; the restaurant) they would never receive a shock. They were also instructed to rest while viewing the outdoor scene (i.e., during ITI), which they were to fixate until an indoor environment appeared. To ensure that subjects understood the threat procedure, they were exposed to the VR contexts and tone prior to the study, and were required to paraphrase the shock and no-shock contingencies. Retrospective fear ratings obtained immediately following scanning were used to confirm understanding of the threat instructions. This differs from fear conditioning procedures in which contingencies are learned rather than instructed. Therefore, rather than reflecting fear learning per se, this paradigm was expected to enhance fear expression during the predictable cue (phasic fear) and unpredictable context (sustained fear) relative to the no-shock cue and no-shock context, respectively.
Subjective fear and skin conductance assessment
To index contextually induced sustained fear (or anxiety) and cueinduced phasic fear, subjective fear ratings were obtained immediately following the last run using a 0-10 scale of fearfulness (0, not at all; 5, moderately; 10, extremely). Subjects were asked to retrospectively rate their overall levels of fear during the entire 40-s presentation of the restaurant, casino, and bank, in the absence of the auditory cue, as well as during the 3-s cue itself. In addition, throughout each run left volar skin conductance was recorded on the sole of the left foot according to published recommendations (Prokasy and Ebel, 1967) . Stimulation and recording were controlled by a commercial system (Contact Precision Instruments, London, Great Britain). Electric shocks up to 5 mA and 200 ms duration served as threat stimuli. The shocks were produced by a constant current stimulator and were administered on the right foot. Shock level was determined individually during a pre-scan test involving the administration of up to three sample shocks. Subjects rated the shock level used in the study as moderately painful (mean = 3.4; SD = 0.4) based on a 1-5 scale (1, not at all; 3, moderately; 5, extremely).
Skin conductance responses (SCRs) were scored as the largest response initiated 1-5 s after cue or context onset. Additional , subjects were presented with three different virtual reality (VR) contexts: no-shock (N), predictable shock (P), and unpredictable shock (U). During each 40-s context presentation, a 3-s tone (250 Hz) was presented 1-3 times, followed by a 40-s rest period. In the P context, shocks were delivered as the tone terminated making it a cue for shock; tones had no signal value in the U and N contexts. In the U context, shocks were delivered at any time, making it a signal for temporally unpredictable shock. In the N context, no shock was ever administered, making it a clear signal of safety. (B) Snapshots of the VR contexts. The restaurant was always the no-shock context, and the casino and bank served as predictable and unpredictable contexts counterbalanced across subjects. assessment of tonic skin conductance level was not possible because of the density of cues and shocks that were delivered in each context. Nonetheless, previous research in our laboratory indicates that SCRs to context onset serve as reasonable indices of contextually induced anxiety when elicited by virtual spatial contexts (Alvarez et al., 2008) . SCRs were determined by subtracting the skin conductance level at the onset of the SCR from the peak skin conductance level. SCRs to cue and context onset that were contaminated by a shock, or an early cue in the case of a context, were omitted from analyses, assuring that the SCR data were not affected by nuisance factors. A log transformation (log [1 + SCR]) was performed to normalize the distribution, and the magnitudes were range corrected (SCR/SCR max ) for each subject to attain statistical normality and to reduce error variance (Lykken and Venables, 1971) .
MRI data acquisition
All subjects were scanned on a 3 T General Electric Signa HDx MRI scanner (60 cm bore, whole body gradient inset with gradient amplitude of 40 mT/m, and slew rate 150 T/m/s, whole body transmit/receive RF coil) equipped with an 8-channel receive-only surface coil brain array. For anatomical reference and alignment purposes high-resolution whole-brain anatomical images were acquired for each subject using a T1-weighted Magnetization Prepared Rapid Gradient Echo (MPRAGE) imaging sequence (axial prescription, number slices per slab 126, slice thickness = 1.0 mm, image matrix 256 × 256, square FOV = 24 cm). Functional data were acquired using a single-shot, gradient-echo echo-planar imaging (EPI) sequence (matrix size: 128 × 128, FOV: 220 mm, in-plane resolution: 1.7 × 1.7 mm2, axial plane: 32 slices, slice thickness: 3.5 mm with no slice gap, TR: 2000 ms, TE: 23 ms, flip angle: 90º, number of volumes: 124). Whole-brain coverage was achieved in all subjects and included coverage of the basal forebrain structures on which we focused (i.e., the BNST complex and dorsal amygdala).
Image preprocessing and realignment
Functional data were processed and analyzed using the AFNI software package (Cox, 1996) . To achieve accurate coregistration of functional and anatomical data, especially in the midline where internal brain structures such as the BNST and the CSF-filled ventricles are located, a weighted local Pearson coefficient (LPC) cost functional was used to align anatomical to EPI datasets for each subject (Saad et al., 2009 ). The advantage of this LPC-based alignment process for imaging ventromedial basal forebrain structures is that it computes the transformations necessary for aligning anatomical and EPI datasets with minimal interpolation, and compared to generic cost functionals, provides superior spatial alignment between T2*-and T1-weighted images in brain structures near the ventricles (Saad et al., 2009 ). The quality of coregistration between EPI and anatomical datasets was visually verified for each subject. After performing slicetiming correction and volume registration, the first 4 volumes were discarded to allow for T1 equilibrium effects. The EPI data were then scaled by the mean of the time series at each voxel. To optimize our ability to detect fMRI signal changes from small brain structures and to avoid any reduction in spatial resolution, we did not spatially filter or smooth the EPI data. The anatomical data were transformed into Talairach-Tournoux standard space (Talairach and Tournoux, 1988) by manually aligning anterior commissure-posterior commissure and inferior-superior axes, and scaling to Talairach-Tournoux atlas brain size. Landmarks were placed on the high-resolution MPRAGE anatomical dataset of each subject, and the same transformation was applied to each subject's EPI data prior to individual subject analysis. The data from the six runs were concatenated before individual subject analysis.
Data analysis Subjective fear and skin conductance
To assess changes in subjective fear and SCRs across conditions, Stimulus Type (Context, Cue) × Condition (No-shock, Predictable, Unpredictable) repeated-measures ANOVAs were performed for both sets of data. Follow-up tests involved paired t-tests between the predictable cue and other cue conditions, the unpredictable context and other context conditions, and the predictable cue and predictable context. Note that to eliminate any influence of shock on SCR analyses of cue data, analyses were based only on cue trials in which no shock was present. Because previous work measuring startle reactivity and subjective fear during inter-trial intervals (i.e., contexts) have shown that instructed threat of shock produces a linear increase in fear from the no-shock to the predictable shock to the unpredictable shock context (Grillon et al., 2004) , presumably reflecting a gradual increase in contextually induced sustained anxiety, we predicted that in the present study subjective fear ratings and SCRs to Ncxt, Pcxt, and Ucxt would likewise show a linear trend. To assess this hypothesis without stimulus type differences introducing a confound, trend analysis was performed on context data using a one-factor (Context) ANOVA. The significance level was set at 0.05 for all statistical tests and all tests were two-tailed. Greenhouse-Geisser corrections were used for statistical effects involving more than two levels.
Imaging
Data were analyzed using AFNI-implemented multiple regression. Transient responses to cues (Ncue, Pcue, and Ucue) were modeled with 3 basis functions: a gamma variate function with derivatives for time and dispersion, with the magnitude of responses assessed using only the gamma variate function. Transient responses to the onset of each context (Nons, Pons, Uons) were modeled in the same manner as cues, whereas sustained activity for each context (Ncxt, Pcxt, Ucxt) was modeled as the convolution of a gamma and box-car function spanning the entire context; therefore, sustained activity reflected the magnitude of the response throughout the entire context duration. To minimize transient noise associated with context offset and the recovery of the BOLD response, context offsets were modeled identically to cues and context onsets and were treated as regressors of no interest. Regressors of no interest also included 6 head movement parameters, baseline drift, and the response to shocks. The latter was modeled with 3 basis functions as was done for other transient signals. Drifting effects, or low frequency confounds, were modeled with a separate quadratic polynomial for each run. Analysis of transient responses to cues was restricted to trials in which no shock was present to ensure that transient responses to predictable cues were not influenced by the presence of shock during 7 of the 13 trials. Comparisons between cues were based on equal numbers of trials (6 Ncue, 6 Pcue, and 6 Ucue) by including only the no-shock and unpredictable cues that occurred in closest proximity to each predictable cue.
Individual subject analyses were performed using 3dREMLfit, a regression program in AFNI that estimates the serial correlation structure of the noise with an ARMA(1, 1) model, and uses the subsequent temporal correlation matrix to estimate beta parameters using the generalized least squares (GLSQ) method. Following individual analyses, whole-brain group analysis was performed using 3dMEMA (http://www.afni.nimh.nih.gov/sscc/gangc/HBMabstract2010.pdf), a program that incorporates individual beta precision estimates into group effects using a mixed-effects meta-analytic approach. This approach is robust against the violation of within-subject variability assumptions and some types of outliers, and provides more accurate statistical testing at the group level.
To examine the hypothesis that the extended amygdala is differentially implicated in predictable threat (Pcue N Ncue) and unpredictable threat (Uons N Nons, Ucxt N Ncxt), subject-specific β coefficients from each condition and the corresponding standard errors were entered into paired-sample testing as appropriate. Because of the small size of the extended amygdala, it would be too conservative to assess our a priori hypothesis concerning this region by correcting for multiple tests across the whole brain; therefore, statistical conclusions concerning the extended amygdala were based on small volume correction (SVC) for multiple tests (Worsley et al., 1996) . To implement SVC at the P b 0.05 level, we used AlphaSim, an AFNI program that uses Monte Carlo simulations to estimate the minimum cluster size threshold corresponding to a specific voxelwise probability and volume threshold. AlphaSim takes into account any intrinsic spatial correlation in the data. Consequently, the residual time series was obtained for each subject and used to calculate the average spatial correlation in the data across subjects (FWHMx = 2.67, FWHMy = 2.71, FWHMz = 3.73; in mm). Statistical maps of the extended amygdala were based on a voxel-wise threshold of P b 0.05. Volume correction was calculated based on the total volume of bilateral dorsal amygdala and BNST regions of interest (ROIs). A detailed description of how anatomical ROIs were determined is provided below ROI analyses.
Statistical maps of brain regions outside the extended amygdala were also corrected for multiple tests at the P b 0.05 level using AlphaSim. However, for brain regions other than the extended amygdala, the voxel-wise threshold was P b 0.005 and volume correction was based on a whole-brain, grey matter mask created by means of the segmentation tool FAST in FSL. The above correction procedures resulted in a minimum cluster size threshold of 40 mm 3 for the extended amygdala, and a minimum cluster size threshold of 120 mm 3 for all other brain regions. Both specialized and standard brain atlases were used to verify anatomical localization of brain activations Mai et al., 2007; Duvernoy, 1999) .
Time course data
To depict the time course of transient activity from extended amygdala regions associated with predictable threat (Pcue N Ncue) and unpredictable threat (UonsN Nons), mean subject-specific β values were extracted from individual hemodynamic response curves from the peaks of group activation clusters, then averaged across subjects at each time point (2-14 s after stimulus onset), and plotted for visualization purposes. Sustained activity for each context was modeled with a single basis function providing a straightforward and strong test of sustained activity; however, this modeling approach does not allow for the reconstruction of the hemodynamic response function (HRF) associated with each context. Therefore, strictly to depict the time course of sustained activity from extended amygdala and related regions (e.g., anterior insula), individual analyses were performed as before except modeling each context as the sum of 9 cubic spline basis functions covering 4-36 s post-stimulus onset and omitting the transient response to context onset. From the resulting hemodynamic response curves, mean subject-specific β values were extracted per individual from the peak of the group activation cluster associated with sustained activity to unpredictable threat in the original analysis. These betas were then averaged across subjects at each time point (4-36 s after stimulus onset) and plotted for visualization purposes only. Deconvolution analysis was performed using the AFNI program 3dDeconvolve. Although the time course data derived from 3dDeconvolve are based on beta parameters estimated using the ordinary least squares (OLSQ) method rather than the GLSQ method used by 3dREMLfit, the beta values are comparable because of the statistical property of unbiasedness in the OLSQ method. Therefore, the sustained time course data provide an accurate depiction of the nature of sustained activity in the extended amygdala and related brain regions.
ROI analyses
To further assess the role of the extended amygdala in responses to predictable and unpredictable threat, ancillary analyses were performed on anatomical ROIs of the dorsal amygdala and BNST complex. The dorsal amygdala ROI was derived from bilateral cytoarchitectonic probability maps of the centromedial amygdala (Amunts et al., 2005) . Note that the centromedial amygdala map encompasses both the central nucleus and the medial nucleus of the amygdala. Because the BNST complex is currently not included in any available cytoarchitectonic probability map, ROIs of the BNST were anatomically defined according to atlases of the human brain (Mai et al., 2007) and basal forebrain .
In human and monkey (Martin et al., 1991) , the BNST is comprised of several divisions including a dorsally located supracapsular division that courses alongside the stria terminalis and merges rostrally with the lateral BNST (Shammah-Lagnado et al., 2000) , the division of the BNST that has been previously implicated in anxiety-like responses in rodents (Walker and Davis, 2008) and humans (Straube et al., 2007; Somerville et al., 2010) . The anterior extent of the BNST was defined as the region that merges with the posterior nucleus accumbens ventrolaterally, the caudate nucleus dorsolaterally, and the ventrolateral septum medially. More posteriorly, the BNST was defined as bounded by the preoptic and hypothalamic area ventrally, the caudate nucleus dorsally, the internal capsule laterally and the lateral ventricle and fornix medially (see Fig. S1 in the Supplementary Information).
Because some boundaries of the BNST cannot be easily identified on high-resolution anatomical images (e.g., the border with the posterior nucleus accumbens), the above guidelines for anatomical demarcation were supplemented by additional rules based on anatomical markers that are clearly visible on MRI images such as the presence of the anterior commissure, the upper extent of the external globus pallidus, and the proximity of the supracapsular or dorsal BNST to the internal capsule and lateral ventricle. Furthermore, there was no attempt to include the sublenticular portion of the BNST as this region is known to be interrupted by fiber bundles and to intermingle with other structures such as the basal nucleus of Meynert (Heimer et al., 2008) . Thus, the BNST ROIs in this study comprised two easily distinguishable components bilaterally, an anterior BNST region (approximately 127 mm 3 ) and a dorsal BNST region (approximately 84 mm 3 ). Compared to previously published divisions of the human BNST (Martin et al., 1991) , our anterior BNST ROI primarily encompassed anterior, lateral, and medial divisions of the BNST complex (omitting the ventral/sublenticular divisions), and our dorsal BNST ROI corresponded roughly to the supracapsular division (see Fig. S2 ). Because the supracapsular BNST is anatomically related to the lateral BNST (Shammah-Lagnado et al., 2000) , and is known to be highly developed in humans (Strenge et al., 1977) , ROI analyses were conducted for both anterior and dorsal regions of the BNST. Anatomical delineation of the BNST was performed using a standardized protocol by a trained research assistant blind to the subjects' identity and adherence to the protocol was assessed by the first author. The data for ROI analyses were obtained by extracting mean subject-specific β values from anatomical ROIs of dorsal amygdala, anterior BNST, and dorsal BNST, for each condition. To assess whether brain activity in the BNST complex showed a linear increase from Ncxt to Pcxt to Ucxt, paralleling that predicted for SCRs and fear ratings, subject-specific β values corresponding to each context were extracted from anterior and dorsal BNST ROIs, and then entered into a one-factor (Context) ANOVA and subjected to linear trend analysis.
Results
Fear ratings (ANX) and skin conductance responses (SCRs) to contexts and cues differed depending on shock predictability [Stimulus Type × Condition interaction, ANX: F (1.6, 27.5) = 38.13, P b 0.001; Fig Although the SCR difference between Ucxt and Pcxt was marginally significant compared to the ANX difference, probably because SCRs to context onset are less sensitive indicators of sustained fear states, these results support the view that aversive events produce more sustained anxiety when they occur unpredictably than predictably. These results also confirm that under predictable threat, the cue elicited a phasic apprehensive state that was greater than that elicited by other cues, and greater than the predictable context in the absence of a cue.
To examine transient brain activity associated with predictable threat, we contrasted Pcue with Ncue. Predictable threat evoked phasic activity in the dorsal amygdala (Table 1 and Fig. 3A) , roughly in the vicinity of the CeA. No other brain regions were statistically significant after correcting for multiple tests. As a quality control check, therefore, we examined brain activity associated with the predictable cue relative to baseline to determine whether there was activity in the rostral dorsomedial prefrontal/dorsal anterior cingulate (dmPFC/dACC), an area that is consistently activated in instructed fear and classical fear conditioning studies (Mechias et al., 2010) . Relative to baseline, the predictable cue elicited transient activity in dmPFC/ dACC among other regions (Fig. 4A, Table S1 ). We also contrasted Pcue with Ucue to assess whether phasic activity in dorsal amygdala was greater to Pcue despite Ucue occurring in an unpredictable shock context. This contrast revealed greater brain activity to Pcue than Ucue in a region of the dorsal amygdala overlapping the dorsal amygdala activation in Pcue N Ncue (Table 1) . We also found that Pcue elicited less activity relative to Ucue in the posterior cingulate and precuneus (Table 2) .
To assess transient and sustained brain activity elicited by unpredictable threat, we separately contrasted the onset and entire duration of the unpredictable shock and no-shock contexts. Unpredictable threat transiently increased activity in the anterior portion of the BNST complex (Table 1, Fig. 3B ) in the approximate vicinity of the lateral BNST. In addition, we found increased transient activity in subgenual, pregenual, and dorsal regions of the anterior cingulate, the medial caudate, and medial orbital and middle temporal cortices (Table 2 and Fig. 4B ). Transient activation of the ventral amygdala was present but not statistically significant after correction. When wholebrain correction was performed using a more lenient voxel-wise threshold (P b 0.05), however, a large cluster (360 μl) in the ventral amygdala and anterior hippocampus (24 −2 −17, peak; 26 −4 −15, center-of-mass) showed significant transient activation to unpredictable threat.
In addition, we contrasted Uons with Pons to examine whether transient activity in the BNST was greater for a context associated with unpredictable threat than predictable threat. As in the contrast with the no-shock context, the unpredictable context transiently increased activity in the BNST complex relative to the predictable context (Table 1 ). Compared to the predictable context, the unpredictable context induced enhanced transient activity in the thalamus, mid-cingulate, and pregenual anterior cingulate cortex as well (Table 2 ). To determine whether transient activation of the BNST was unique to the unpredictable context, or also present in response to the predictable context, Pons was contrasted with Nons. As was found in Uons N Nons and Uons N Pons, the predictable context transiently increased activity bilaterally in the anterior part of the BNST complex compared to the no-shock context ( Table 1 ). The peak coordinates of the right BNST (9 0 10) activation were identical to those associated with the onset of unpredictable threat, but the peak coordinates of the left BNST (−6 0 6) activation were slightly more posteromedial and ventral compared to those associated with unpredictable threat onset (−9 2 10 ). Relative to the no-shock context, the predictable context also increased transient activity in subgenual and dorsal anterior cingulate cortex (Table 2) .
Importantly, unpredictable threat elicited sustained increased activity in the dorsal portion of the BNST complex (Table 1 , Fig. 3C ) in the approximate vicinity of the supracapsular BNST. We also found sustained increased activity in anterior insula, frontal (superior, inferior, middle, frontopolar) and inferior parietal cortical regions, and the mid-cingulate (Table 2 , Fig. 4C and D) . Following a transient increase in brain activity, unpredictable threat also induced a sustained decrease in activity in subgenual anterior cingulate and medial orbital cortex (Table 2, Fig. 4C and D) .
To assess whether sustained activation of the BNST was unique to unpredictable threat, or also associated with the predictable context, we contrasted Ucxt with Pcxt and Pcxt with Ncxt. We found no significant differences in sustained activity in the extended amygdala between unpredictable and predictable contexts, or predictable and no-shock contexts (Table 1) . However, when whole-brain correction was performed using a voxel-wise threshold of P b 0.05, the unpredictable context showed a sustained deactivation in subgenual anterior cingulate cortex (sACC) relative to the predictable context ( Table 2 ), indicating that after a transient increase in activity in sACC in both threat contexts, there was a sustained decrease in activity in sACC in the unpredictable context compared to the predictable context (Fig. S3) . No other significant signal changes were detected in this comparison. The predictable context also generated sustained increased activity in superior and middle frontal cortex, and sustained decreased activity in the cerebellum and medial orbital cortex relative to the no-shock context (Table 2) .
To examine the role of the extended amygdala in predictable and unpredictable threat in greater detail, ancillary anatomical ROI analyses were performed on dorsal amygdala and BNST ROIs. Previous studies of instructed fear using simple threat cues (e.g. Nevertheless, ROI analysis of the dorsal amygdala failed to detect significantly greater transient activity to Pcue than Ncue when comparing mean subject-specific β values for each condition extracted from bilateral dorsal amygdala (t 17 = 0.55, P = 0.59). Follow-up analyses of left and right dorsal amygdala ROIs yielded a similar result (left, t 17 = 0.23, P = 0.82; right, t 17 = 0.71, P = 0.49).
Because animal models of sustained fear hypothesize that a part of the CeA different from that involved in phasic fear may be transiently involved in initiating sustained fear (Davis et al., 2010b) , we tested for a transient fear response to unpredictable threat in bilateral dorsal amygdala. Voxel-wise analyses revealed no activation in dorsal amygdala to unpredictable threat, but our analysis based on ROI data showed that transient activity in dorsal amygdala tended to be greater to the unpredictable context onset than the onset of the noshock context (t 17 = 1.95, P = 0.067). Follow-up analyses indicated that increased transient activity in response to unpredictable threat was significant in the right dorsal amygdala but not the left ( Fig. 5A ; left, t 17 = 0.58; P = 0.57; right, t 17 = 2.57; P = 0.02).
Overall, analyses of the ROI data from bilateral anterior BNST replicated the pattern of results found in the voxel-wise analyses. Fig. 3 . Threat-induced transient and sustained brain activity in the extended amygdala. Predictable threat evoked transient activity in the (A) dorsal amygdala (AMYG) (peak at −22 −5 −8), whereas the onset of unpredictable threat elicited transient activity in the (B) bed nucleus of the stria terminalis (BNST) complex (peak at −9 2 10, left; 9 0 10, right). In addition, unpredictable threat produced sustained, increased activity in the vicinity of the (C) supracapsular division of the BNST (peak at −10 −2 16). Brain activity appears on a group structural image aligned to functional data. Adjoining each image is a plot depicting peristimulus time courses of the hemodynamic response. Error bars reflect SE. 
Note. Peak coordinates are listed in Talairach space. t values are based on random effects, paired t-tests thresholded at the voxel-wise level of P b 0.05 and cluster size corrected for multiple tests at P b 0.05 using small volume correction. Volume indicates cluster size of ventral basal forebrain activity based on single voxel dimensions of 1.7 mm × 1.7 mm × 3.5 mm and a single voxel volume of 10.1 μl. L, left; R, right; BNST, vicinity of bed nucleus of the stria terminalis complex. Whereas a comparison between Uons and Nons revealed increased transient activity in anterior BNST (t 17 = 4.41, P b 0.001), a comparison between Ucxt and Ncxt showed no significant difference in sustained activity in anterior BNST (t 17 = 1.42, P = 0.18). In addition, Uons compared to Pons showed that transient activity in anterior BNST was greater to the unpredictable context than the predictable context (t 17 = 2.27, P b 0.05), and Pons compared to Nons showed that transient activation of anterior BNST tended to be greater to the predictable context than the no-shock context (t 17 = 1.93, P b 0.07).
We also extracted mean subject-specific β values reflecting sustained activity from bilateral dorsal BNST. Consistent with the voxel-wise analyses, there was a trend for Ucxt to show greater sustained activity in dorsal BNST relative to Ncxt (t 17 = 1.82, P = 0.08). Follow-up analyses indicated that the trend for increased sustained Note. Thresholded at P b 0.005 unless asterisked, and whole-brain corrected; * indicates P b 0.05. activity in response to unpredictable threat was present in both hemispheres in dorsal BNST, but relatively stronger in the left hemisphere (left, t 17 = 2.05; P = 0.056; right, t 17 = 1.31; P = 0.21). It is noteworthy that one subject's beta value for Ucxt met the Hampel identifier criteria for being an outlier (Davies and Gather, 1993) , in this case, an unusually small value. With this value temporarily removed from the analysis, the difference in sustained activity between Ucxt and Ncxt was significant in bilateral dorsal BNST (t 16 = 2.27, P = 0.037) and left dorsal BNST (left, t 16 = 2.89, P = 0.011; right, t 16 = 1.44, P = 0.17). As in the voxel-wise analyses, no significant differences were found in sustained activity in dorsal BNST between unpredictable and predictable contexts (Ucxt N Pcxt, t 17 = 1.13, P = 0.28), or predictable and no-shock contexts (Pcxt N Ncxt, t 17 = 0.75, P = 0.47). Data in rodents and humans suggest that sustained states of apprehension, including contextually induced anxiety, may stem in part from neural activity in the BNST (Davis et al., 2010b) . If this potential brain mechanism extends to humans, BNST activity should track contextually induced sustained anxiety, that is, be greatest to the unpredictable context, least to the no-shock context, and intermediate to the predictable context. In support of this hypothesis, trend analyses performed on ROI data from the BNST complex revealed a significant linear trend from Nons to Pons to Uons in bilateral anterior BNST ( 
Discussion
The present study compared neural processing of phasic and sustained fear in humans as induced by predictable and unpredictable threat, respectively. Behaviorally, predictable and unpredictable threat evoked pronounced emotional reactions as indicated by subjective fear ratings and skin conductance. In addition, aversive events invoked greater sustained anxiety when they occurred unpredictably than predictably. Using high-resolution fMRI, we found that predictable and unpredictable threat produced different patterns of neural activity in a forebrain region consistent with the extended amygdala, which encompasses the dorsal amygdala and BNST complex (Heimer et al., 2008) . Concurring with animal models of phasic and sustained fear (Davis et al., 2010b) , both predictable and unpredictable threat increased transient activity in the dorsal amygdala, but only unpredictable threat yielded significant sustained activity in the BNST complex. Beyond the amygdala, predictable threat evoked transient activity in rostral dorsomedial prefrontal and dorsal anterior cingulate cortex. In support of a role for the cortex in sustained fear, unpredictable threat produced sustained activity in anterior insula, mid-cingulate, and frontoparietal cortical networks. In addition, unpredictable threat transiently activated the ventral amygdalaanterior hippocampus area, the anterior portion of the BNST complex, and induced dynamic signal changes in a medial prefrontal network (pregenual, subgenual, and dorsal anterior cingulate cortex, medial caudate, and medial orbital cortex) associated with mood disorders and anxiety dysfunction (Price and Drevets, 2010; Hasler et al., 2004) .
Predictable and unpredictable threat are associated with different patterns of brain activation
In the present study, transient neural activity in the dorsal amygdala to a predictable threat cue likely reflected processes in the CeA that lead to a rapid phasic fear response. In support of this interpretation, phasic fear responses and transient activity in dorsal amygdala were greater to the predictable cue than the no-shock cue and unpredictable cue. Because subjects in the present study were forewarned of the threat associated with each cue, subjects encountering a predictable cue would be expected to engage in conscious appraisal of imminent threat. Conscious appraisal processes have been hypothesized to involve a neural circuit including the dmPFC/dACC (Mechias et al., 2010) . The present finding that a predictable threat cue evoked transient activation of dmPFC/dACC supports this hypothesis. Neural activity in the posterior cingulate and precuneus were attenuated by the predictable cue compared to the unpredictable cue. The posterior cingulate and precuneus are part of a cortical midline network associated with self-referential processing in the spatial domain (Northoff et al., 2006) , suggesting that imminent threats likely evoke greater phasic fear than temporally unpredictable threats, but the latter may give rise to greater vigilance.
We suggest that transient activity in the dorsal amygdala to the onset of an unpredictable threat context may reflect processes in the CeA that lead to the initiation of sustained fear. In support of this view, a ROI analysis revealed that transient activity to unpredictable threat context onset was enhanced in the right dorsal amygdala. This result is consistent with studies in rodents, primates, and humans that demonstrate a role for the CeA in mediating behavioral and physiological responses evoked by conditioned and unconditioned stimuli including contexts (Davis and Whalen, 2001; Kalin et al., 2004; LeDoux, 2000) .
The conclusion that dorsal amygdala activation in the present study may reflect involvement of the CeA is supported by previous neuroimaging findings ). In addition, the peak coordinates of the amygdala activation to predictable threat (−22 −5 −8) are compatible with dorsal amygdala designations in previous fMRI studies (Davis et al., 2010a) . However, the relatively small size of the CeA, the close proximity of surrounding nuclei (e.g., basal nucleus of Meynert), and the spatial resolution of fMRI make it extremely difficult to localize the specific neuronal source underlying any dorsal amygdala activation. Hence, any conclusions regarding fMRI signals in the CeA must remain tentative. This point is underscored by the inability to replicate the predictable threat effect in the ROI analysis of the dorsal amygdala. This null finding is perplexing considering that ROIs typically increase the power to detect an effect. It may be that using a ROI that included the entire centromedial amygdala contributed to poor statistical power. It is worth noting however, that detection of amygdala activation in instructed fear studies has been somewhat unreliable (Mechias et al., 2010) .
We suggest that transient neural activity in the ventral amygdala to unpredictable threat reflected processes in the BLC that lead to activation of the extended amygdala. This conjecture is supported by research indicating that the BLC is well positioned to receive incoming sensory information concerning threats in the environment, and to convey this information to output areas including the CeA and BNST (Amaral et al., 1992; Dong et al., 2001) . Transient activation in ventral amygdala/anterior hippocampus to unpredictable threat context onset provides further evidence that the amygdala (Alvarez et al., 2008; Davis et al., 2010b) and hippocampus (Marschner et al., 2008) play time-limited roles during sustained aversive contexts. It is also consistent with previous studies showing a rapid reduction in amygdala activation over time in fear conditioning (Buchel et al., 1998; LaBar et al., 1998) and threat of shock ). The absence of activity in the ventral amygdala to the predictable threat cue (tone) is not clear, but it may be that a more complex stimulus (e.g., a context) elicits a more robust signal in the BLC (Yaniv et al., 2004) .
In both the voxel-wise and ROI results of the present study, we observed transient activity to the onset of unpredictable threat in the anterior part of the BNST complex in the approximate vicinity of the lateral BNST. Straube et al. (2007) reported increased activity in a similar region of the BNST in phobics relative to controls during the anticipation of phobia-related pictures. Because enhanced activity in the BNST occurred during an anticipatory period of 10-28 s, Straube et al. (2007) interpreted their finding as evidence for BNST involvement in anticipatory anxiety. In line with this interpretation, in the present study transient activity in the BNST complex was greater to the onset of the unpredictable context than the predictable context. Transient activity in the BNST was also greater to the onset of the predictable context than the no-shock context, as would be expected considering the association between the predictable context and cuerelated shock. A comparable area of the BNST has been associated with hypervigilant threat monitoring (Somerville et al., 2010) .
The present voxel-wise and ROI results indicate that sustained activity in the BNST was restricted to the dorsal part of the BNST complex, roughly corresponding to the supracapsular BNST (Heimer et al., 1999) . The supracapsular BNST is a small basal forebrain structure that is relatively well developed in humans (Strenge et al., 1977) . The supracapsular and lateral BNST share a similar cellular and neurochemical makeup, and the supracapsular BNST merges into and shares afferent and efferent pathways with the lateral BNST (ShammahLagnado et al., 2000) ; therefore, it is possible that these continuous components of the extended amygdala function together to bring about sustained anxiety. This proposal is compatible with a recently described neural model of sustained fear (Davis et al., 2010b) . According to this model, cortical and subcortical input converge on the basolateral amygdala and lateral CeA, which in turn project to the lateral BNST and trigger a cascade of neurochemical release, resulting in a relatively longlasting apprehensive state. Supporting the notion that the supracapsular and lateral BNST might function together to generate sustained anxiety, the basolateral amygdala and lateral CeA provide extensive inputs to both the supracapsular and lateral BNST (Shammah-Lagnado et al., 2000) . The supracapsular BNST also receives strong input from dysgranular anterior insula (Shammah-Lagnado et al., 2000) , a cortical region that projects strongly to the basolateral amygdala, lateral CeA, and lateral BNST (McDonald et al., 1999) .
It has been suggested that anterior insula might mediate cognitive aspects of worry (Walker and Davis, 2008) . On the basis of its connections to the extended amygdala and brainstem (McDonald et al., 1999; Pascoe and Kapp, 1987) , it may be more parsimonious to posit that sustained neural activity in the anterior insula to unpredictable threat likely reflects modulation of visceral arousal during apprehension. Previous neuroimaging findings indicating that contextual fear conditioning elicits sustained activity in anterior insula are consistent with this interpretation (Alvarez et al., 2008) .
The finding that unpredictable threat induced sustained activity of frontoparietal areas involved in sustained attention (Pardo et al., 1991) , is consistent with previous neuroimaging studies linking unpredictable threat to hypervigilance (Carlsson et al., 2006; Hasler et al., 2007) . Subgenual anterior cingulate cortex (sACC) is central to the medial prefrontal network that has been associated with mood and anxiety dysregulation, and has been implicated in the regulation of visceral responses during stress and anxiety (Price and Drevets, 2010) . This may account for the dynamic pattern of activation observed in sACC in response to unpredictable threat. Neural activity in sACC showed a strong transient increase to the onset of unpredictable threat followed by a sustained decreased response. Clinical studies indicate that metabolism in sACC is elevated in the depressed phase relative to the remitted phase of the same patients with major depressive disorder (Drevets et al., 2008) . This suggests that a sustained decrease that follows a transient increase in sACC activity might reflect changes in the regulation of visceral reactions during threat exposure.
In the present study, unpredictable threat contexts compared to predictable threat contexts elicited greater transient activity in pregenual anterior cingulate cortex (pACC), a cingulate subregion that differs from sACC in its cytological and transmitter receptor architecture (Palomero-Gallagher, et al., 2008) . Whereas both predictable and unpredictable threat contexts evoked transient activity in sACC, thereafter unpredictable threat contexts were associated with a greater sustained decrease in sACC activity. Although the medial prefrontal network was not the focus of this study, the activations observed in this network are consistent with previous imaging studies implicating medial prefrontal cortex in distal threat (Mobbs et al., 2009) , and suggest that contextually induced sustained anxiety may involve complex oscillations in neural activity in key prefrontal regions such as pACC and sACC.
Summary and caveats
Data in rodents and humans (Davis et al., 2010b) support the hypothesis that the amygdala and BNST form the core of a neural system underlying phasic and sustained states of apprehension. The present study provides further support for this hypothesis. We propose that cues that predictably signal imminent threat evoke a short-duration fear response mediated by transient activity in the dorsal amygdala. Conscious appraisal of predictable threat cues may activate threat evaluation processes in dmPFC/dACC. Contexts that signal a longer duration threat initially elicit transient activity in the ventral amygdala/hippocampus and dorsal amygdala, with the former structures possibly being responsible for activation of the latter. As the duration of threat persists, transient activation of the dorsal amygdala gives way to activation of the BNST complex to help maintain anxiety. In addition, we suggest that long-duration states of anxiety engender hypervigilance mediated by frontoparietal networks, and modulation of visceral function via mechanisms within anterior insula, pACC and sACC.
The model outlined above predicts that increases in sustained anxiety should be paralleled by increases in BNST activation. Supporting this prediction, in the present study anatomical ROI analyses revealed a linear trend in transient and sustained activity in the BNST complex, paralleling a linear trend found in contextually induced sustained anxiety as indexed by subjective fear and skin conductance. The observation that unpredictable threat produced significantly sustained activity in a brain region corresponding to the BNST, and not the dorsal amygdala, is consistent with the hypothesis that sustained fear may depend on different neural mechanisms in the extended amygdala than phasic fear (Davis et al., 2010b) . It is important to interpret this finding cautiously, however, because the presence of a significant signal change to unpredictable threat, and the absence of such a change to predictable threat, does not demonstrate a significant difference between the two threat conditions. Because such contrasts are problematic for fMRI studies manipulating threat predictability using cue and context stimuli differing in stimulus duration, it will be important to develop imaging methods that allow for direct comparisons between predictable and unpredictable threat. In addition, future studies should consider incorporating measures of phasic and sustained fear beyond subjective ratings and electrodermal responses, which are limited in their ability to index anxiety online, and can reflect emotional as well as nonemotional factors (Boucsein, 1992) .
Notwithstanding the limitations of this investigation, the present study took advantage of recent advances in fMRI data acquisition and processing, allowing us to conduct whole-brain fMRI at about 4 times higher spatial resolution than typical fMRI studies, yet still have sufficient sensitivity to detect small signal changes in the basal forebrain. To sum up, the present study suggests that predictable and unpredictable threats can induce phasic and sustained fear in humans, and that these apprehensive states elicit distinct patterns of activation in the basal forebrain including, potentially, the extended amygdala. It is likely that increased knowledge of the extended amygdala and its interaction with the rest of the basal forebrain will advance our understanding of normal and pathological anxiety.
Supplementary materials related to this article can be found online at doi:10.1016/j.neuroimage.2010.11.057.
